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09:00 Meeting Start

1. Adoption of the agenda 09:00-09:05  Chair
2. Minutes/actions of previous meeting 09:35-09:10  Chair
Age n d a 3. Observatory News 09:10-10:10
3.1 New infrastructure host department of Physics and Astronomy from 1% April JC
3.2 Summary of staff status (organogram), arrival/departures, staff survey VD
3.3 Workshop completion and Rymdrum visitor centre exhibition upgrade VD
3.4 GARD ALMA receiver developments+ ESA LETO mission VD
3.5 Triband receiver for 20m telescope - project status. JC
3.6 Future fundraising ideas - i.e.- replacement antenna for 25m, space involvement JC
3.7 Plans/status for new infrastructure recruitments IC
3.8 LOFAR 2.0 upgrade and LOFAR ERIC JC
3.9 JIV-ERIC, Consolidation of European Radio Astronomy JC
3.10 EU proposals with deadline 15" June IC
3.11 SKA status including SRC node JC
3.12 Annual report to VR including user/publication statistics JC
3.13 Recent science results IC
4. VR proposal 2027-2020 final outcome 10:10-10:30 JC
5 OSO Risk register 10:30 - 11:00 JC
6. Geo activities 11:00 - 12:00 RH
Lunch Break 12:00 - 12:45
7. New OSO Director recruitment and job advert (closed session) 12:45 — 13:30. Chair
8. Budget result 2025. 13:30 - 13:50.JC
9. Budget prognosis 2026 13:50 — 14:00 JC
10. Capital, Long term financial prognosis. 2027 budget preparation 14:00 — 14:30 JC
11. AOB/Next meeting 14:30 - 15:00 JC

15:00 Meeting End



2. Minutes and Action ltems from last meeting

2025-1-Al3 continued: ---JC toshare the video from PEO related to Geo activities
>> Put in teams area for OSC meeting 25-05-16 as described to OSC members in email of 25-11-05

2025-1-Al7 continued: ---- On JES to convene a small Group to discuss future OSO strategy- JES not yet done while waiting on VR result. JES to work on this
after VR result. >> Net yet done - keep action or defer for now?

2025-2-A1: ---JC, WV, VD will send the slides for the hearing to the OSC by Wednesday October 22nd for feedback by Thursday October 24t
>> Draft slides for dialogue meeting were sent 215t October 2025 and feedback incorporated

2025-2-A2:---- JC + RuH to work on a strategy leveraging LM and Chalmers to co-investin the geo activities
>> A meeting was held 9™ January including John, Rudiger, Daniella, Per Erik, Jan-Eric, Lars Borjesson and Martin Lidberg (from Lantmateriet) discussed
strategy for arranging a visit to Chalmers and OSO by LM Director (now arranged for 3" September)

2025-2-A3: ----JC will report at the next two OSC meetings an eventual decision on contributing to the Geo-hut investment (supporting atmospheric
spectroscopy) and its depreciation.
>> No time yet to work on this but will be addressed part of the decision at the next OSC to approve the 2027 budget in its n ext meeting in October

2025-2-A4: --- JC to establish an updated long-term budget forecast to be shared after the level of VR funding is known, to then be re -discussed with the OSC -
-- Final VR result came much later than expected, a revised forcast (with remaining uncertainties) is presented later in this meeting

2025-2-A5: JES to approach LB to involve the Chalmers Rektor in a meeting with the new general director of LM.- Now arranged for 3" September

2025-2-A6:JC send a doodle for the next OSC meeting — Was done

2025-2-A7:JC reports to the OSC after the VR hearing on October 29th.- a short note on that meeting sent by JC to OSC on 30" October followed by the VR
minutes of that meeting when received from VR on 28th November. A second dialogue meeting was held 11" December with update sent to OSC member 19t
December. A Chalmersreply to a request from VR for additional information was sentto VR on 25™ January. The OSC was informed of the final funding result
amount on 4™ March,



3. Observatory News



3.1 New infrastructure host department of Physics and Astronomy

Dept
Leadership
L
4 infrastructures
i Chemical | |Microstructure| | Condensed N d ic, Hi Chalmers
Materials ano an Subatomic, High Astro+ i
Physics e Physics Matter Physics| | Biophysics Energy, Plasma Plasma 0SO e-commons Material Slrapr;lgne
Analysis Lab agship
\ 23 (6) 35 (7) 18 (4) 40 (8) 33 (6) 48(18) 52 (12) 45 (5), 18 (0) 4 (0) 6 (0)
! 8 Divisions.

Numbers are, estimated by quickly inspecting staff webpages, the total none-adjunct/emeritus/visitor staff including Postdocs/Students. Brackets give base-financed faculty

« Cameinto being 15t April 2026 as merger of existing Physics Dept and the OSO and AoP divisions from the terminated SEE department
 Chalmers now has 13 Departments. Physics and Astronomy is one of largest (with Chemistry)
* Smooth transition but still learning some cultural differences

e OSOuniqueinbeing both a Division and an Infrastructure — with both a Division Head and Director (who will be calledto Manager meetings
but not Dept leadership group, where Vincent represents OSO Division)

e StilTBD is ‘Faculty Model’i.e. how much of faculty funding Dept gets filters down to Divisions and individual faculty memb ers.

* Some Chalmers-wide changes ongoing in job titles at same time as forming new reorganization



3.2 OSO Personnel news

Left/leaving:
TSG: Magnus Dahlgren leaves OSO for Omnisys AB atthe summer break.

OSO: Katarina Norheim leaves OSO for the new ENV department.
OSO: Wouter Vlemmings stepped down from his role of vice-director.

Arrived:
OSO: Sandra Hainer is our new economy officer for the OSO division, started this month.

OSO: Peter Forkman returns to Onsala after his tenure as SEE prefekt.

Incoming:
SGG: Bertrand Lovery new post-doc at working on the Doris system, with tentative start on June 1st.

Advertised positions:
3-4 new positions will be advertised before the summer, pending administrative go-ahead.



Faculty
Assistant Prof-tenure track

Information officer
Senior Research Engineer
Research Engineer

3.2 Onsala Space Observatory organogram

Management
OSO Division Head (VD-40%)
OSO Infrastructure Director (JC)
Deputy Director VACANT

Central functions
Outreach/Communication (RC)
Scientific guide (DR-50%)
Academic Secretary (MT-35-AoP)
Administrative support (PJ)
Economy officer (SH)

Technician
Bold text=PhD

Space Geodesy and Geodynamics

Unit head, Infra Geo Ops head,
(RuH)

Geo-VLBI, (KL-F)
Gravimetry. Prof (LF-F)

Geo-VLBI Sup Sci (LC)
Aeronomy Engineer (PF

h/fip)

GNISSTHOEICONCEISPEGIL (Par)

Aeronomy Postdoc (FM-F)
PhD Stud (WR)
PhD Stud (AK)
PhD Stud (YC)

Technical Support Group

Unit Head/Computer (RoH)

Programmer (ML)
Networks/Programmer (SC)

Software (RHand- 50%- F)
Software/ Electronics (PH))

Electronic Engineer VACANT
Electronics/Mech Eng (JR)

Computer Support (LE)

Mechanical Workshop (MK)
Mechanical Workshop (RA)
Technician/Site service (JK)

PhD Stud (RHand- 50%)

Observational Support Group
Unit Head/VLBI/RFI (ML)

VLBI Support Sup Sci (JY)
20m/LOFAR Sup Sci (HO)
APEX Sup Sci (PB)

ARC Sup Sci (SK-F)
ARC Sup Sci (SM)
ARC Sup Sci (DT)

ARC/LOFAR Sup Sci(TC)

SRC (CT-F)
SRC (FK)
SRC (DV-70-eCommons)
Astronomy Postdoc (BM)
PhD stud (VS)

GARD

Unit Head. Quatuum ciruits and
systems (VD-50%)

Cryo. Rec. Systems (VB-60%)
Detector Dev (FJ)

Instrument Scientist (DM)
Optics/Systems Eng (IL-60%)
Project Engineer (LH)
Mechanical design Eng (MF)
System and software Eng. (MS)
Electronics system Eng (ES)
Workshop specialist (SF)

PhD Stud (MB)
PhD Stud (AM)




3.2 Staff Survey Response

Legend:
* large numbers: 2026
 Small numbers: changes from 2025

Overall
* theresponse remains positive.

Focus points

* Drops in objectives, leadership and
development and trust

* canbe attributed to current
restructuration and lengthy decision
from VR.
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3.3. Admin news — Buildings
and premises at the
observatory

* Admin building and 20m: Completed,
* Few guaranty adjustments ongoing

* Workshop: almost Completed,
* Minor adjustment to outer paneling on-going

* Demolition work: start
* Few details to be discussed next week
* Increase circulation on the access road



3.3. Rymdrum/outreach

« Safety upgrade of the wooden ramps

* Planned upgrade of the lighting quality in the
building.

* Major upgrade of the visiting center

» Establishment of an outreach strategy for the
observatory including usage of the building

* Secured extra funds from Hasselblad

2025 statistics 2026 statistics (end of april)
60 schoolgroups 46 school groups

9 corporate organisations 4 corporate org

20 non corp. associations 6 non corp org

3 Public events 3 public events

5 GARD Visits 2 GARD Visits

+2000 people reached +1700 people reached




3.4 GARD’s ALMA Receivers

ALMA WSU Band 7
- Preparation for bid in Spring/fall 2026
- LOI signed between NOVA (NL), Chalmers (SE) and Yebes (ESP)
- legal preparatory work
1. export control
2. foreign investment in Swedish systems

APEX band7 CCA:
Mixer measurements in Test cryostat: Completed

- 2SB tests completed May 2026
CCA measurements in ALMA-compatible cryostat: Ongoing

- Automatic setup for Cartridge receiver beam measurement, completed in
March/April 2026

- Automatic noise measurement Setup for setup for Cartridge receiver
completed in March/April 2026
CCA assembly and test: Ongoing

- First complete cartridge assembled, May 2026

- First cooling May 2026

- Cartridge tests in coordination with MPI ( May/June 2026)

- Install and science verification Summer/fall 2026
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3.4 cont -LETO: M-Mission Space Mission

Overall Scientific question: interrelation of stars and the ISM
Specific Mission goals:

1.  From Clouds to Stars: the ISM in the Milky Way and in external galaxies
A. Galactic Plane and Magellanic Cloud Survey
B. From Local Laboratories to Cosmic Benchmarks
2.  From stars to planets: Investigating Planet Origins
A. Proto-planetary Disk Survey
B. Determining Planetary reservoirs — Water and Ammonia
Participation:
GARD: Leading band 2 Receivers based on HEB technology (2 cameras),

AoP ( S. Aalto, E. de Beck, Eva Wirstrom ): Regain of activity and organization of the potential

Swedish community.
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ESA-LETO ESA-LETO
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Platform

Status:

- Step-2 proposal submitted by Pl to ESA on March 19172026, ‘

- Proposal for technical involvement by GARD to SNSA April 20" 2026. R
- received a letter of Endorsement from SNSA for activities till launch 2041.

Next Steps:

- Coordinate Swedish effortin LETO (Vincent + Susanne)

- ESA down-selection (from 10 to 5) in Nov 2026 to enter phase 0.
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3.5 Triband receiver status

Got news of 13 Mkr funding from Hasselblad foundation
in September (largest single Hasselblad donation ever).
Learnt about science this camera can accomplish at
yesterdays 50 th anniversary of 20 m telescope

Triband construction project began 15t January 2026,
planned 3 —-year duration

Had observatory internal kick-off meeting Friday 16"
January

First report to Hasselblad 16t February
Final specifications have been agreed.

Long lead time components identified and procurement
started

Staff departure (Magnus Dahlgren, TSG) will mean soon
a slow down in work until recruitment of two new
positions for RF/Optics are recruited (within next 6
months) — during this period some long lead-time
components can be delivered.

VLBI image at 3mm wavelength (including 20 m
telescope as part of the array) of the M87 black hole
and jet launching region (Kim et al 2025)

Schematic
diagram of Triband
receiver




3.6 Future fundraising ideas —i.e. replacement antenna for 25m

Rl 5 e T 38 :
Sty n o Ay YT )
N e Yy

SKA dish, Karoo, South Africa ngVLA dish New Mexico, USA
Produced in China. 15m diameter equivalent dish Produced in Germany. Operates 1.0 — 115
Operates 0.3 — 15 (43) GHz. Quotation last year for GHz Structure and installation approx. 4 M€

structure, transport and Installation at Onsala wasonly  ?? (does notinclude foundation or receivers)
1.3 M€ (does notinclude foundation or receivers).



Fundraising ldeas

No chance of VR funding in near or mid-term future

Possibly explore a donation in connection with Chalmers 200t anniversary in 2029 — Initial discussion with Chalmers leader
of fundraising; need for compelling narrative

As well as core astronomy and Geo business emphasize Space connection as a major part of this narrative. i.e.new Masters
course, possible goal of Chalmers Student satellite (Rudiger is Chalmers Space coordinator).

Dish has 50+ year lifetime i.e. till 2076 — think long-term!

Space connectionsi.e. VLBI of spacecraft (Genesis, JUICE ), Space-VLBI (LOVEX), Space Communications (Chalmers
probes on Moon??), Space Situational Awareness (bistatic radar imaging of satellites)

Visit of Swedish Space Agency Science Advisory Committee to Onsala 3™ June.

Create prospectus for new antenna emphasizing Space applications — need to decide between going for SKA dish or ngVLA
dish.



3.8 LOFAR 2.0 upgrade/LOFAR ERIC News

Onsala LOFAR
1.0 station

Onsala LOFAR
2.0 station

LOFAR array above with three new stations to be constructed (also funding for additional station in Sicily). LOFAR 2.0 station looks the
same as LOFAR 1.0 (right figures) but under the hood most things replaced- allows twice bandwidth, simultaneous LBA+HBA more
versatility in observing modes. replaces obsolete hardware and and software to maintain lifetime — more emphasis on Europe-wide

baseline science and lowest frequencies (both unique in SKA era).

Station & array calibration

CentralClock | =l e e e eeeeeeeeeeeeeeeeeeees
% W Processing & quality assessment % %

Maintenance
Long term archive }: Digital processing L ’ Data access |:

i

) Correlator ff '< Online processing |

Processing and storage management specification system

telescope management specification system

Offline processing specification & data managent

Scheduling, observing & online processing specification



= Internet Accounts.

. . mELOFAR
I LOFAR 2.0 Upgrade of International Stations BEE

e
Cl

- Roll-Out of International Stations
- Readiness Review last week

- upgrade of stations completed : :
in Q1/2 2027 Timeline

Order Station Status Estimated date

1 SE607 Confirmed wig
2 PL612 Confirmed W21
3 PL611  In discussion W24
4 PL610 In discussion W26
3 DE609 In discussion w2as Pilot station #1. Rollout procedures are tested and updated if needed.

Review is held.

Pilot station #2. Review process. Preparations to rollout more stations

proceed. 'Go/No go' decision to move on with more stations.

;‘62‘; e— Rollout proceeds

Onsala Upgrade ongoing
this week (!)



LOFAR ERIC

Founder ERIC members Netherlands, Germany, Italy, Ireland, Bulgaria, Poland during 2025 three countries joined Sweden, UK, Czechia)
plus France and Latvia join via collaborating organizations, so now 9 members and 2 collaborating organizations.

Original (1995 and earlier) annual fee of 95 k€/yr increased for 2026 to 98.8 k€/yr (+4% max increase without unanimity) — further
annualincreases expected. Also, additional expected one-off payments for new correlator and receiver component redesign of 20 k€ —
50 k€ expected in next years, Annual land rental is 270k kkr/yr increasing 6%/year or by inflation if larger, agreement to 2035 but can be
terminated by OSO earlier if notice given three years in advance. Power 80 kkr/yr and data connection cost < 70 kkr/yr.

For 2026 in current agreement with VR the increase beyond 95 k€ annual fee will be implemented as a reduction of money that OSO
gets. Not clear what happens 2027 onward, VR represents Sweden on LOFAR-ERIC but Chalmers agreement with VR going into LOFAR-
ERIC was that Chalmers (i.e. OSQO) covered any costs above 95 k€/yr for first 5 years, but while in 2026 mechanism for transferring ERIC
costs to OSO exists, this mechanism does not exist for 2027 onward.

OSO does not have any resources to support LOFAR 2.0 data storage or compute, next chance to request to VR is 2029 (for funding
starting in 2031).

Design project (DANTE) to create dual beam HBA for Space Weather application (which OSO has paid 1 Mkr toward) may be too
expensive to implement. OSO does not plan to give additional funding for next detailed design phase, was not in VR proposal.

OSO needs to work for increased Swedish science use of LOFAR

Initial 5-year LOFAR-ERIC agreement runs till 19 Dec 2028 (i.e. covering two more full years 2027 and 2028) so nhew 5-yr agreement
need to be finalized in 2028 for the period 2029 - 2034 meaning that Swedish decisions/input to new agreement must be made before
new VR proposal is submitted in Feb 2029.

New agreement needs to balance between ambition of partners where LOFAR is their only/main activity and partners like OSO where it
is one of many activities.

JC and Daniel Snitting (VR) to attend LOFAR-ERIC council meeting in Dublin 9t"/10™ June.



3.9 JIVE-ERIC/EVN, Consolidation of European
Radio Astronomy

ANALYTICAL PHYSICS ASTRONOMY, ASTROPARTICLE NUCLEAR AND PARTICLE
PHYSICS AND SPACE SCIENCES | PHYSICS

FROM: ’ ; %

ESFRI q o E} =
Landscape " ;
EU ESFRI ::::::i;ou =S %& .

infrastructure map

© ISBN Print: 978-88-

and place of Radio 26341
CERIC ERIC, EMFL, ELIERIC, | CTAOERIC, ELT, EST, JIVE ERIC, ELI ERIC, EuPRAXIA, ESS ERIC,
A strono my ESRF EBS, ESS ERIC, KM3NeT 2.0, LOFAR ERIC, SKAO FAIR, HL-LHC, ILL, SPIRAL2
ESFRI/ ERICS European XFEL, ILL
ERICs/IGOs and ’
e-DREAM AHEAD, ECFA
networks EMFL APPEC ESCAPE
InspireProject ASTRONET NUPECC
Networks Laserlab-Europe ARIE ESACAPE
LEAPS Europlanet
LENS OPTICON
RADIATE RadioNet
SOLARNET
Calipso, Calipso+ - past projects | ACME, + past projects AHEAD, EURO-LABS, HADRON-2030,
TA/VA projects | RIANA, ReMade@ARIE, Europlanet, OPTICON, ORP, PRISMA+, RADNEXT-2030 + past
NEPHFWS. | asersdFLI RadioNet. SOL ARNFT nraiant ChETEC.INFRA

Joint Institute for Radio Astronomy (JIVE) operating institute of European VLBI Network for astro VLBI on Europe, Asia and Africa. Working as engine for SKA-VLBI.
Above EU ESFRI infrastructure landscape in Physical sciences (note Geo-VLBI is not on map, no European organization which can join others)
EU is pressing for consolidation including merger of ERICs (i.e. possibly JIV-ERIC and LOFAR-ERIC in future)

Radio astronomy network Radionet being made more established with new Consortium agreement and membership fee (5k€/yr for Onsala) to pay of 1 or 2 persons funded
in central office to look over EU proposals etc

Oddsituationthat EVN telescope is run by two organizations .i.e. JIVE-ERIC (runs correlator, services) and ‘EVN consortium’ for telescopes. | proposed merging them in
2018/2019 but idea was rejected. Now some movement/moment here. JC asked by several to be EVN board chair from 15t Jan 2027 (it is perceived as Sweden’s turn) —
would like to be chair for one year only through 2027 to help negotiate a EVN/JIVE merger therefore (hopefully) be last ever EVN Board chair ( a passion project for me).



3.10 EU proposals deadline 15th June

HORIZON-INFRA-2026-DEV-01-03 I N FRA'T Ec H'01 '0 1 - AU RA

Individual support for evolution and long-term sustainability of pan-

European Rls Advanced Upgrades for Radioastronomical Applications

Budget: €3—4.5M, 80% funding, lump-sums

Resubmission of the CHEER proposal R&D for the next generation of scientific instrumentation, tools, methods, and solutions for Rl upgrades — Budget: €10M
Develop a coordinated European framework for data-driven 0SO GARD
radio astronomy infrastructures WP2 — Receivers WP3 — Backends & Processing
. . . Sub-millimetre to centimetre receivers, connected via Fibre Linked to WP2 via FPT; includes data processing with clear
Enable efficient shared data services across multiple P J
Photonic Transmission (FPT) links to ALMA
facilities
Strengthen sustainability, collaboration & global
WP4 — Al Applications WP5 — Applications OSO Geo
competitiveness
Al tools for data processing and greening of infrastructure, Radio astronomy applications drawing on WP2—4 and
Coordination: MPIfR / UNIMAN / OCA connected to WP2 & WP3 RADIOBLOCKS results

Partners: Many RN partners

Proposal coordinated by JIVE. Complete draft expected end of April; external review (incl. RN Spokesperson) planned for mid-May.

Links ARC, SRC nodes and LOFAR JC joint work package leader for WP5 working for societal applications of radio astronomy
processing. Possible funding for 0.7

FTE for new person in e-commons 5.1 Space Situational Awareness — (Bistatic radar)

looking at staff training/sustainability. 5.2 Space Weather — prototype beam former for LOFAR

Kelley Hess leading Task. 5.3 Navigation services (Geo-VLBI) - source structure correction and dynamic scheduling

AURA has multiple links between Astro and Geo VLBI Both in WP5 and in WP3 for
distributed/real-time correlation



3.11 SKA status including SRC node

Daniel Sniiting (VR) , Lars Borjesson (Chalmers) as the Swedish Council
delegates plus JC (expert advising delegation) attended recent SKA
council meeting in Groningen, Netherlands, 23/24%" March.

Daniel stated at above Council meeting no commitment yet from Sweden
to pay the requested ’Additional funds’ ( +9% per partner) - status
uncertain.

Likely shortfall in the total additional funds required from SKAO members

which will cause delays/new down-scope on SKA capability. Present
eopolitical disruptions and increased oil cost an additional unwelcome
actor.

JC also attended remotely the first day of the SRCNet Resource Board
20 /215t April. Serious shortfall in resources (especiall IJoersonnel in
order for SRCNet to support science commissioning of SKA- low in 2027).

SKAO council Committee looking into needed funding 2031+ to operate
and construct AA4 (double AA*) - pause or plough-on?. Very large costs

gF\E(t))thh operations and continlued cofnstruction. Note t(hat antilcci%ated New SKAO Director-General Jessica Dempsey

et operations cost equal rest of array ops costs (i.e would be . : .
another 15 Mkr/yr from Sweden). No agreement yet between SKAO (departed ASTRON Director (NL nationalradio
members on how to share cost 2031+. astronomy observatory) — Starting post June 2026

Worries on cost impact of SKA on rest of radio astronomy

Nr(]ew S)KA Director-General Jessica Dempsey starts next month (see
photo).



3.12 Annual report to VR including user/publication statistics

2018 2019 2020 2021 2022 2023 2024 2025| AVG '18-'24

ALMA/Swe 42 60 44 65 43 54 60 65 51,3

[ |ALMA/ARC/Swe 14 16 13 26 16 11 22 22 16,0

ALMA/Band5/Swe 0 4 4 7 3 4 6 11 49

Infrastructure APEX/Swe 14 12 5 15 17 9 11 12 12,0
Supported | |AstroViBI/Swe 4 15 13 13 24 17 13 13 14,3
papers per year LOFAR/Swe 13 11 9 9 12 8 6 9 10,3
with Swedish 20m SD/Swe 1 1 2 3 4 2,5
authors Geo/Total 4 17 8 10 4 7 7 5 8,3
| [Total Infra/swe 50 76 54 83 80 60 69 73 67,2

See separately distributed report and key statistics sent to VR 315t March — Above table shows total publications (note the 20m
Single dish and Geo publications not reported to VR because these are not part of the VR contract). Note no long-form OSO annual
report for 2025 produced (was taking too much effort). For information only the table’s top line (ALMA/Swe) gives the total
number of ALMA papers with Swedish authors (irrespective of whether these were supported by OSO via ARC or via Band 5
receiver construction).



3.13 Recent Science Results

Muller et al 2026, Astronomy & Astrophysics, 706, 365,

A sub-ppm upper limit on the cosmological variations of the fine structure constant alpha

PKS1830-211 (NE) PKS1830-211 (SW) B0218+357 (SW)
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Absorption spectra of CH and H0 observed by ALMA toward the bright, strongly lensed quasars
PKS1830-211 and B0218+357

Upper limit on the evolution of the fine-structure constant with time.
New limit a factor of 2 better than any previously published.

Recent paper using SRC node personnel with EoR
experts in Switzerland/Stockholm on simulated SKA
data

Implicit inference of the reionization history with higher-order statistics of
the 21-cm signal
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A milliarcsecond localization associates FRB 20190417A with a compact persistent radio source and
an extreme magneto-ionic environment
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4. VR Infrastructure Proposal 2027 — 2030 - Final Result

Funding proposal to VR for support of OSO's infrastructure's astronomy activities for the period 1st January 2027 — 31st December 2030.

--Proposal submitted - 18th February 2025 - requested 160 Mkr from VR over four years with Chalmers offering and additional 71 Mkr in
co-funding (possible by counting two modules, i.e. SRC Node and Band 7 Receivers, as international projects and so eligible for 100%
VR funding with other three modules (Management, OSO Telescopes, ARC node) being 50%/50% funded by VR and Chalmers.

--Evaluation results -25th September 2025, with 'Truly Outstanding' assessment and near perfect grades.

--1St VR-OSO/Chalmers dialogue meeting -29th October, VR offered 136 Mkr with weak/non-existent justification and VR asking
Chalmers to increase its co-founding by +24 Mkr because of the overall excellence of programme (!).
--2nd Dialogue meeting -10th December - Written reply to questions - 25th January.

--Finalresult 2nd March 2026, VR gives final totalamount 154 Mkr over four years. Reduction in VR’s amount by -6 MKr due to VR not
needing to give its half of Triband hardware costs (-5 Mkr) plus the delay in SRC node hardware reducing ops cost (- 1 Mkr).

- Argumentation to VR that Chalmers had in effect increased its contribution by +13 Mkr from Hasseblad income was important in
showing Chalmers had moved partly toward increased co-funding. Final amount of VR + Hasselblad funding is 167 Mkr cf VR request -
while direct Chalmers funding stays same, In end in total OSO gets +7 Mkr more for its activities than requested in proposal but this
extra amount is expected to be absorbed in extra inflation costs.

-Final slightly adjusted budget (taking into account 3%/yr not 2%/yr inflation, additional salary increases and delay in SRC node, rollout)
was sentto VR 8" May and appeoved. Hope to initiate hiring before summer for two receiver hires for TSG/GARD plus ARC and SRC
node hires.

-Working with VR on final version of new KPI as final step before signing contract.



Scale of VR funding increase obtained

2026 (Mkr) 2027 (Mkr) % increase
A- VR funding to OSO 18 38 114
B- VR funding to JIV-ERIC, LOFAR-ERC, SKAO 20 21 3
C-Chalmers funding 25 26 1
D-LM funding 12 12 3
A+B - Total VR funding to Radio Astronomy 38 59 55

From 2018 — 2026 the total VR funding for radio astronomy i.e. OSO plus international subscriptions to JIV-ERIC, LOFAR-ERIC and SKAO has been fixed at 38 Mkr/yr
as part of the *radio astronomy packet’- As costs for SKAO membership have increased the amount left for OSO has decreased so VR income to OSO for 2026 is
only 18 Mkr. 2027 and onward all international subscriptions paid directly by VR. The new agreement with VR corresponds to a doubling of OSQO's current VR
funding and a 55% increase in overall funding for radio astronomy (!!)

Despite above OSQO’s 2027 total real budget income considering inflation is still below the 2018 level plus there are additional costs (SRC Node etc). Reason for
still tight funding since 2018 is that Chalmers funding to OSO has only increased by 0.7%/year (and LM funding only one increases +0.4 Mkr into 2026). A review
was expected this year of the Chalmers funding to OSO from 2029 onward; current status of this unclear. Review critical for future of OSO 2031 and onward, if
Chalmers only continues its 0.7%/yrincrease then because of matching rules OSO total astronomy budget can never increase faster than 0.7%/yr despite OSO
performance. Sustainability also requires that SRC Node and ALMA Receiver modules stay as international projects 2031 onward, which requires GARD to win
another ALMA contract after Band 7.

In parallel we are working for increased LM funding set at 12 Mkr/yr since 2022 but increased to 12.4 Mkr for 2026 (LM put in a request to government for an
increase of + 5 Mkr/yr to enable correlation, this is not for inflation correction per se, but maybe able to use some of any increase this for t hat in addition to extra

deliverables).

Concrete result of new budget will be hiring into 2027 of 4 new FTE’s 2 in receiver area, 1 for ARC node and 1 for SRC node.



Chalmers funding to infrastructures -
Rektor decision September 2025

Det finns en avsikt att under 2026 folja upp verksamhets- och finansieringsnivaerna fér OSO, There is an intention during 2026 to follow up on the operational and funding levels for
Myfab Chalmers och e-commons och besluta om langsiktigt hallbara nivaer pa basfinansiering ‘

for 2029 och framat. | beredningen bor det inga en analys (benchmark) av

forskningsinfrastrukturens andel av omsattningen vid andra liknande organisationer. | begreppet
”langsiktigt hallbara nivaer” ingar att fortsattningsvis undvika tillaggsbeslut utover rektors

basfinansiering till de tre namnda infrastrukturerna.

Infrastrukturens namn Vard- 2025 2026 2027 2028 2029
inst.

Belopp i tkr. Detta beslut omfattar

endast belopp i rott.

E-commons F

Basfinansiering till C3SE* 54451 54991 Omtag

Tillagg 9500 9500 9500 9500 | pa

helhet

Myfab Chalmers MC2

(Nanotekniklaboratoriet)

Basfinansiering* 252551 | 255081 Omtag

Fornyelse, uppgradering 4000 4000 4000 7000 pa

Tillaggsbeslut 2017 3000 3000 3000 helhet

Onsala Rymdobservatorium SEE

Basfinansiering! 21803 | 22021* Omtag

Medfinansiering KAW Tvillingteleskop 2000 pa

Tillaggsbeslut 2017 3000 3000 3000 helhet

Fortsattning pa tillagg infor omtag 3000

Radom t.o.m. 2033, C 2013-1434 200 200 200 200

SUMMA ny tilldelning i detta beslut 0 0 0 3000

SUMMA tilldelade medel i tidigare 22550 | 19700 | 19700 | 16700

beslut

Kvarvarande del av reserverade medel 3450 6300 6300 300

(20 Mkr + tillagg 6 Mkr t.o.m. 2027)

1 Rektors langsiktiga basfinansiering till e-commons, Myfab Chalmers och OSO réknas upp med 1% per ar och omfattar 52

503 tkr for 2025. For enkelhets skull visar vi beloppen enbart fér 2025 och 2026.

infrastructures mentioned.

0OSO, Myfab Chalmers and e-commons, and to decide on long-term sustainable levels
of core funding for 2029 and beyond. The preparation should include an
analysis/benchmark of the research infrastructures’ share ofthe turnover at other
comparable organisations. The term “long-term sustainable levels” includes continuing
to avoid supplementary decisions beyond the President’s core funding for the three




5. Risk R

egister

. . . Probability |Impactscale| Exposure (riskx
Risk Number Risk Name Impact Description ~ Treatment plan
(1-5) (1-5) probability)
Inability to retain May not be possible
engineering staff due to maintain all (1) Work for best conditions
1 to non-competitive instruments and 4 4 18 and salary within Chalmers
salaries/condtions telescopes and system (2) Provide interesting|
with industry (defence| deliver Triband and projects, like Triband, Band 7
boom) Band 7
Long delays in
recruiting engineering
taff due t - 1) Wide advertising. {2) Seek
stafidue urmn Delays in delivering nwi "Ta ve |§|ng (2) See
2 competative § 3 4 12 foreign candidates (3)
. - Triband and Band 7 o . .
salaries/conditions Provide interesting projects
with industry
(defence)
- . . Current funding only
Insuficient top Critical failure mode .
. X ) sufficient for 1.6 FTE and
leadership (min 2 FTE| forillness/absence. ) )
. ) current level of Directorship
needed for Director, Unsustainable
3 K L 4 3 12 effort after WV departure 1.2
+Deputy/Assistant | workloads. Decision .
) o ) FTE. Seekincreased
Director + Division quality affected. .
X - Chalmers funding and
head) Missed oportunities N
recruit.
Causes staff HR . R
. o Limited pool to draw upon in
issues, inefficiencies . )
L ~ of staff with needed skills
Insufficient unit level | and extra tasks for . )
4 ) L 4 2 8 who also have sufficient time
management effort | Directorship, inability X
K L to give to tasks. Hard to
to help in fundraising ) )
make jobs attractive.
etc
No or msuﬂlcm:nt ‘."Ia. matchlngrules Make case within Chalmers
Chalmers funding limits VR funding to
. that sustainable QSO
5 increase to 0S0O 0S50 2031 and 4 5 ) i
K . funding needed to retain 0SO
agreed beyond onward irrespective
excellence
0.7%4yr of 050 performance
Required Very | E that Swedish
lqulIfE ery large Can limit {OI’ even ‘I'IVSUTE dl 'edis! ‘
increases for SKA reduce) VR decisions for SKA take into
6 central and SRCNet e 3 5 15 account balance with mm
contribution to 050
costs for 2031 2031 anward astronomy and other cm/m
onward telescopes (LOFAR+VLEI)
No inflation Possibile inability to
compensation maintain OTT as it Argue case with LM to include
7 increase in LM ages. Removal of 3 3 9 this inrequests to
funding for support for S/X on government
Geoscience 20m
No LM or oth Red ion of
D, oro %[ educes expansl-on o Make strategic case for EoP
funding for adding VGOS correlation
8 ) K . 3 2 6 parameters etto
Geo correlation capacity and limits
) government/funders
capacity VGOS accuracy

i.e.for25m (1) Maintain tel @
aintain telescopes.
telescope. Would
e escop Add C-band to 20 m
N R limit science return .
Major mechanical ) telescope. (3) Seek private
9 = from VLBI reducing 3 4 12 )
failure of a telescope funding for 25 m
aregument for Onsala .
X replacement, i.e. SKA or
as aworking R
. ngVLA dish
observatiry
Increasing Radio (1) Support international
interference makes efforts to regulate satellite
. Impact on Astro -
10 observiing astro or science and Geo 3 3 9 emissions. (2) Keep good
geo VLBl or LOFAR accurac national contact with PTS. (3)
partly or compeletely v Manitor and suppress
impossible internal interference sources
Difficult situation
b 100% (1) Do all we can to win
ecause
GARD does not win funding from VR for contract (2) Most likely VR
11 the contract for ALMA Mufule 3and 3 4 12 would not withdraw money
'WSU Band 7 delivery . X and instead repurpose say for|
financing GARD
‘ Band 9 development
depends on this
Probabilty Key Impact Key Exposure key
1-Not Likely 1-Low
2-Low Likelyhood 2-Minor 15t0 19
3-Likely 3-Moderate 10to 14
4-Highly Likely 4-Major 5t09
5- Near Certainty 5-Catastrophic 0-4




6. Geo Activity

See following slides presented by Rudiger Haas



Geoscience news

* Geodetic VLBI

* VGOS correlator discussions

* ESA Genesis and NovaMoon missions

* Gravimetry

* Tide gauges

 EC Task Force on Geodetic Supply Chain
* UNGGCE report — State of Geodesy 2026
* Education

OSC meeting 2026-05-22
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Geodetic VLBI

* Using both 20 m for S/X legacy and OTT for VGOS

e [\VVS observations 2026

 S/Xlegacy 24 h: 50 sessions with On
* VGOS 24 h: 48 / 46 sessions with Oe / Ow

* VGOS Rapid: 10 station network, 100 TB data cap
* VGOS Operational: 16 station network, 200 TB data cap
* VGOS-RD: entire 22 station network, no data cap

* VGOS-INT-B/C, 1 h:

* 48 x 4 sessions on weekends with Oe / Ow

* New VGOS frequency setup developed: IVS resolution 2026-01
* Weekly 1 h tests observed in spring, correlated at OSO
* 24 h session observed 2025-05-20
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IVS Resolution 2026-01

VS Resolution 2026-01 IV5-Res-2026-01

Frequency Sequence for Future VGOS Operations

The IVS Directing Board proposes using the frequency channels listed in the table below
for future VGOS operations. The frequency setup consists of thity-two channels of 32-
MHz bandwidth each, organized in four frequency bands. The frequency channels may
be adjusted slightly to improve geodetic products; however, there is no guarantee to ob-
tain frequency protection by spectrum management. The IVS Directing Board further
requests that IVS components providing VGOS infrastructure take appropriate steps to
use these frequencies operationally by 2028 as best as they can. Caveat: In the event
that a band becomes unusable for the entire station network or major parts of it, for in-
stance due to strong RF|, an alteration to the frequency setup may become a necessity.

Frequency Band-A Band-B Band-C Band-D
Channel fatan (MHZ) fatart (MHZ) fstart (MH2) fatart (MHZ)

12984 .4

2 3032.4 4868.4 8824 .4 13048.4

3 3064 .4 4984 4 8952.4 13176.4

4 31604 5208.4 9144 .4 13368.4

5 31924 5496.4 94324 13656.4

6 32564 5656.4 9592 4 13816.4

7 33204 57524 9688 .4 13912 4

8 33524 5784 4 87204 13944 4
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Frequency protection for VGOS

Frequency Allocation - Region |

STANDARD FREQUENCY AND TIME SIGNAL-SATELLITE (EARTH-TO-SPACE) -
SPACE RESEARCH (DEEP SPACE) -

SPACE RESEARCH (SPACE-TO-EARTH)(SPACE-TO-SPACE) 4
SPACE RESEARCH (SPACE-TO-EARTH) -

SPACE RESEARCH (PASSIVE) 4

SPACE RESEARCH (ACTIVE)

SPACE RESEARCH (EARTH-TO-SPACE) (SPACE-TO-SPACE) 4
SPACE RESEARCH (EARTH-TO-SPACE) -

SPACE RESEARCH (DEEP SPACE)(SPACE-TO-EARTH) -
SPACE RESEARCH (DEEP SPACE)(EARTH-TO-SPACE)
SPACE RESEARCH

SPACE OPERATION (EARTH-TO-SPACE) (SPACE-TO-SPACE) -
RADIONAVIGATION-SATELLITE (SPACE-TO-EARTH)(SPACE-TO-SPACE) 4
RADIONAVIGATION-SATELLITE (EARTH-TO-SPACE)
RADIONAVIGATION -

RADIOLOCATION -

RADIODETERMINATION-SATELLITE (SPACE-TO-EARTH) -
RADIOASTRONOMY

HIBS-IMT +

MT o

MOBILE-SATELLITE (SPACE-TO-EARTH) -
MOBILE-SATELLITE (EARTH-TO-SPACE) 4

MOBILE

METEOROLOGICAL-SATELLITE (SPACE-TO-EARTH)
METEOROLOGICAL-SATELLITE (EARTH-TO-SPACE) -
MARITIME RADIONAVIGATION 4

MARITIME MOBIL-SATELLITE (SPACE-TO-EARTH) 4
FIXED-SATELLITE (SPACE-TO-EARTH) -

FIXED-SATELLITE (EARTH-TO-SPACE)(SPACE-TO-EARTH) -
FIXED-SATELLITE (EARTH-TO-SPACE) -

FIXED

EARTH EXPLORATION-SATELLITE (SPACE-TO-EARTH)(SPACE-TO-SPACE)
EARTH EXPLORATION-SATELLITE (SPACE-TO-EARTH)
EARTH EXPLORATION-SATELLITE (PASSIVE) 4

EARTH EXPLORATION-SATELLITE (ACTIVE)

EARTH EXPLORATION-SATELLITE (EARTH-TO-SPACE)(SPACE-TO-SPACE)
EARTH EXPLORATION-SATELLITE (EARTH-TO-SPACE)
EARTH EXPLORATION-SATELLITE -

BROADCASTING SATELLITE 4

BROADCASTING -

AERONAUTICAL RADIONAVIGATION -

AERONAUTICAL MOBILE-SATELLITE (R)

AERONAUTICAL MOBILE (R) 1

AMATEUR-SATELLITE (SPACE-TO-EARTH) -
AMATEUR-SATELLITE

AMATEUR 4

Service

=]

1600

2400 3200 4000 4800

5600 6400 7200 8000 8800 9600 10400 11200
Frequency (MHz)

12000 12800 13600 14400

Frequency Bands
A-band
B-band
C-band
D-band

Attempt to avoid current
and future frequency
allocations of active
ground-based and
space-borne services

=> Proposalvia German
NSA (National Spectrum
Administration) to the
European level (CEPT

in March 2026
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Frequency coordination / protection

* Input by Germany to the European Conference of Postal and
Telecommunications Administrations (CEPT) in March 2026
* Positive reactions from, e.g., SWE, NOR, FIN, POR, FRA, also ESA
* But also negative reactions from, e.g., LUX
* Next CEPT in September to decide on input for WRC-27

* UN-GGIM subcommittee Geodesy Working Group "Frequency
Protection”

* Goalto achieve a WRC-31 agenda item
* Needs support from national spectrum management agencies

* Eurographics “Talking heads” seminar 2026-04-21 by Jeffrey Verbeugt
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The path to an Agenda ltem at WRC-31

WRC-31: Agenda Item New allocations to RAS for VGOS

|

WRC-27: Al 10: Proposed Agenda Items for WRC-31
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The VGOS network 2026-...
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IVS GM 2026

OSO-SGG well represented @ IVS GM 2026

* Alva Kinman (PhD student): oral talk
» Rimsky Wolfs (PhD student): oral talk

* Lim Chin Chuan (senior res. eng.): oral talk + two posters
* Karine Le Bail (assoc. Prof.): oral talk

* Rudiger Haas: oral talk + poster
* Tobias Nilsson (adj. docent): oral talk
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[d \ represented ( y GM 2026

* Alva Kinman (PhD student): oral talk
* Rimsky Wolfs (PhD student): oral talk

* Lim Chin Chuan (senior res. eng.): oral talk + two posters
* Karine Le Bail (assoc. Prof.): oral talk

* Rudiger Haas: oral talk + poster
* Tobias Nilsson (adj. docent): oral talk
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Onsala mentioned @ IVS GM 2026

* Some statistics were presented by several contributors:
* ”Onsala 20 m most reliable station in the IVS S/X legacy network.”

* ”0Oe/Ow most contributing stations to IVS VGOS observations.”
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VGOS correlator discussions

* |VSis still restricted in correlator-capacity

e |nitiative for Nordic VGOS correlator was not successful ®
 National Swedish solution (?)

* Discussions with SNSA, Lantmateriet and Chalmers/OSO
* SNSA aware of the importance
* seems to have possibility to help with start-up funding
* Discussions need to be continued
* Plan: bi-monthly meetings SNSA-Lantmateriet-Chalmers/OSO
* Potential letter of support from Forsvarsmakten
e “pitch” of VLBl importance in end of February, follow-up discussion needed
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ESA Genesis mission

« ESA GSET WG3 (VLBI)
* Chaired by Rudiger Haas

* Advise to ESA on VLBI aspects of Genesis mission

* Big topic: handling of 3 transmit antennas
» Successful fringe tests with possible future Genesis frequency setug’

* Three different networks

* Correlated in Vienna/Bonn

* First 24 h international session with Genesis frequency setup 2026-06-24
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ESA NovaMoon
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The renewed interest in lunar exploration and the development of future lunar communication and navigation services highlight the need for

a precise, stable, and interoperable geodetic and timing infrastructure on the Moon. NovaMoon, proposed as a scientific and navigation

payload for ESA's Argonaut lander, is designed as a lunar-based local differential, geodetic, and timing station supporting both operational
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frame, orientation and ephemerides, and estimates of interior parameters like tidal response and core properties. NovaMoon will also

provide the first long-duration physical realisation of a lunar time reference. Beyond its primary goals, it supports improved cartography,

precise surface geolocation, and higher-resolution topography, contributing to safer landings and operations. It also enables new tests of

fundamental physics, including constraints on relativity and possible deviations from classical gravity.
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Gravimetry

* New colleague since mid May 2025
* Ongoingtraining and hand-over phase
* Renewal of data acquisition / storage system

* Discussions with Lantmateriet and RISE on “Equip-G” project
(European Quantum Infrastructure Project for Gravimetry
https://equip-g.eu)

* Goal: get avisiting quantum gravimeter to Onsala
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Tide gauges

* Ongoing sea level comparison / evaluation campaign
* Traditional tide gauge
* GNSS-IR tide gauge
* Swot Altimetry

* Sea surface height agreement on 3-4 cm level

43



EC Task Force on Geodetic Supply Chain

* Swedish delegates:
* Tobias Nilsson (Lantmateriet), Rudiger Haas (Chalmers)

* Regular meetings since 2025-10-23
* Final report to EC on 2026-04-22

* E.g., recommendations for EU-VLBI operations
* Wait for EC response
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6. Observations

6.1 Governance and financial
capabilities as cross-
cutting constraints

The overall average maturity score of 2.3 for the GGSC
an aggregate across bilities with highly

vanable performance. Within this average, the assess-

ment identified a concentration of Level 1 scores in

go and fi i capabilities,

which represent foundational functions that affect the

operation of other capabilities throughout the supply

chain. Specifi the ilities of date devel-
opment, policy formulation, strategic planning, funding
andi d and cost all

received Level 1 scores, indicating that these functions
are largely absent or operate on an ad-hoc basis
without formal structures.

The identified go as a cross-cut-
ting i ing multiple d ins. No inter-
national i bined

visibility, authority, and accountablllty across the
entire GGSC to develop coordinated policies, facilitate
ic resource allocation, or blish binding
| dards. The IAG di
and technical activities effectively within its scope but
operates as a scientific body without governmental
authority or mandate to direct Member State actions.
At the intergovernmental level, UN General Assembly
ion 69/266 repi the gest existing
mandate for geodesy, but as a non-binding resolution,
it encourages voluntary action without establishing

or accountability structures. ) i
No international organisation
currently possesses

combined visibility, authority,

and accountability across

the entire GGSC.

This of di
at the international level has |mp||ca!|ons for how
critical infrastructure sectors that depend on geodetic
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services ensure continuity of those services. Without

ani i entity ible for ing
supply chain resili dinati such as
risk i ing, and i

1l occur in fi d ways, if at
all. Theg that exists—primari
through in-kind scientific collaborati dinated by

the IAG and periodic engagement through UN-GGIM
processes—has enabled the supply chain to develop
and operate, but consultation ewdenoe suggests it has
not blished the i coordi-
nation, or ili i that

go in
infrastructure systems.
The governance structure that
exists has enabled the supply
chain to develop and operate,
but has not established the
strategic planning, resource
coordination, or accountability
mechanisms that characterise
governance structures in
comparable international
infrastructure systems.

At the national level, consultation respondents reported
that responsibility for geodesy in many countries is
distributed across multiple government agencies

luding those r ible for ing, science,
defence, space, and ) without a desi d
lead authority or formal dinati hanism. This
i | fi creates chall for

coherent national strategy development, consistent
international representation, and effective response to

supply chain vul ilities that require gency

coordination. The absence of unified national coor-

dination inmany i pound

the chall of s 2 il

governance, as there may be no single national entity

with p ibility for geodesy matters.
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Responsibility for geodesy in
many countries is distributed
across multiple government
agencies without a designated
lead authority or formal coordina-
tion mechanism.

The Level 1 scores in financial management capabllv
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under short-term contracts that create uncertainty
about long-term capability continuity. The assessment
identified aging infrastructure at multiple observatories
without clear funding pathways for modernisation,
reliance on individual software developers without insti-
tutional sustainability plans, and declining numbers of

higher education progi training new geodesi all
of which respondents connected to resource con-
straints and ab of ic funding di

ities reflect the of di These observahons suggest that while the GGSC

for assessing funding needs, d ping i and p deti products that support
ies, or all ing resources ically across ications, the biliti

the supply chain. No international body currently required for strategic planning, coordinated investment,

performs ic analysis of operati costs, and ic risk remain underd

capital requirements, or funding gaps across the global oped. The current operational performance reﬂects

network of observatones, data centres, and analysis the ical expertise and i

facilities. C i indi that funding of participating organisations but occurs without the

for geodetic activities comes primarily from individual o] and financial dination structures that

institutional budgets, with significant reliance on

voluntary inkind contributions where staff and facili-
ties are provided by without dedicated
geodesy budgets. Evidence from the Global Geodesy

Needs A indi that p | at some
observatories and analysis centres must seek competi-
tive h grants to | perational funding,

with time spent on grant applications reducing capacity
for core geodetic functions.

Funding for geodetic activities
comes primarily from individual
institutional budgets, with
significant reliance on voluntary
in-kind contributions where staff
and facilities are provided by
organisations without dedicated
geodesy budgets.

The ab of di d funding

has observable effects on supply chain operations.
c Itati d reported i where
ground observatones do not consistently meet tech-
nical standards established by IAG Services, where
personnel contribute time to critical functions such
as standards development outside their formal work

T ibilities, and where academic staff working on
detic analysis or d operate
STATE OF GEODESY 2026
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would typically support long-term sustainability and re-
silience in systems of comparable societal importance.

6.2 Governance constraints and
associated capability patterns
The assessment |dent|ﬁed panerns where capabllltles

in risk
ture resili and

Copiay

scored

at lower maturity levels, with consultation evidence
suggesting connections to the governance constraints
described in Section 6.1.

Risk and inui iliti ived
scores ing limited d

Formal risk management scored 1.0, disaster recovery
planning scored 1.7, and performanoe management

scored 2. 0 C i indicated that
noi | organisati y d
ic risk intail pi
plans, or i perf metrics

across the entire supply chain. Individual IAG Services
and observatories manage risks within their operational
soope but end t&end supply chain risk visibility and
remain limited. The

d several ion points
where disruption to single facilities or small numbers
of personnel would significantly affect product
availability. For example, the NASA Crustal Dynamics
Data Information System (CDDIS) serves as the most
comprehensive archive for multiple geodetic datasets,
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though other data centres maintain partial archives.
Similar dependencies exist in product generation,
where specific analysis centres produce particular
geodetic products without fully redundant backup
facilities. Consultation evidence indicates that formal
disaster recovery protocols and geographlc redundancy

platforms, and limited systematic efforts to commu-
nicate geodesy’s role to non-technical audiences.
Consultation respondents consistently reported that
geadesy remains unfamiliar to most policymakers and
the public, with few evidence-based materials available
that explain geodesy’s connections to everyday tech-

are not imp!
across data centres and analysis facilities. Additionally,
limited coordinated strategies exist to address potential
extended outages at critical observatories, particularly
those in the southern hemisphere where station density
is already lower than in northern latitudes.

Specific analysis centres
produce particular geodetic
products without fully redundant
backup facilities.

Workforce and knowledge management capabilities
also received lower maturity scores, with consultation
id indicating chall in both developed and

I and critical infrastructure in policy-relevant
terms. Respondents from adj ientific discipli
noted limited awareness of dependencies on geode‘tlc
reference frames and products. The assessment
identified this awareness gap as a structural constraint,
as strategic planning and resource allocation decisions
for infrastructure typically require understanding among
decision-makers of the infrastructure’s function and
importance. Without mechanisms to systematically
communicate geodesy’s role, consultation evidence
suggests that geodetic requirements may not be
adequately represented in relevant policy processes,
funding decisions, or critical infrastructure planning.

These pattemns across risk management, workforce
development, continuity planning, and stakeholder en-

developing countries. The assessment of training and
education capability (score 1.7) reflected reports from
multiple regions of declining numbers of university
geodesy programs, reduced formal training opportu-
nities, and an aging workforce without proportional

pl rent by new professionals entering the field.
Consultation respondents from academic institutions
noted that geodesy courses are increasingly difficult
to sustain under current university operating models,
and that specialised expertise in certain geodetic
techniques is concentrated among small numbers
nf |nd|\ndua|s approaching retirement age. The

it ility scored 1.3, with

evidence indicating limited systematic documentation
of specialised procedures, absence of centralised

bilities share a common characteristic:
they represent coordinating and strategic functions that
typically require organisational structures with supply
chain-wide visibility and convening authority. The
assessment found that while individual organisations
and IAG Services manage these functions effectively
within their operational scope, coordinated approaches
at the supply chain level remain limited, consistent
with the governance and strategic planning capal
assessments described in Section 6.1.

6.3 The role of the International
Association of Geodesy

repositories for technical knowledge, and dep
on individual experts for specific software tools and

The identified the IAG as providing essen-
d tial coordination for ific and technical functions

within the GGSC. Sclenllsm pﬂmclpﬂtmg inIAG

Service ffectively to o

analysis workflows. These patterns suggest chall

in maintaining and transferring institutional knowledge
across generations of practitioners, though the extent
and geographic distribution of these challenges vary
across different geodetic techniques and regions.

Public and policy awareness received the lowest
scores in the Engagement and Collaboration domain.
The outreach and public awareness capability scored
1.3, reflecting minimal p | capacity dedicated
to this function, absence of coordinated outreach

34

observations, share data, develop analysls methods,
and generate geodetic products. The assessment
found that IAG Services have established well-defined
technical processes and procedural frameworks that
enable this coordination. IAG-affiliated ground ob:

tories demonstrated strong compliance (score 3.0) with
applicable laws, regulations, and technical standards in
their respective host countries. The assessment also
found strong bilities for equipment calibration and
maintenance at |AG-affiliated facilities, reflecting both

STATE OF GEODESY 2026
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across d ins (ranging from 1.8 to 2.7) and even

greater variation among individual capabilities (ranging

technical expertise among p and d
procedural fi ks for
ment accuracy. from 1.0 to 4.0).

Current operations depend
substantially on the IAG’s
scientific coordination role
while lacking complementary
governmental coordination
mechanisms that could
address strategic planning,
resource allocation, and policy
implementation functions.

The IAG's coordination role operates within the scope
of a scientifi bership ol facili
voluntary collaboration among researchers and insti-
tutions that contribute observatories, data centres,
analysis facilities, and expertise to the supply chain.
This model has enabled the development and operation
of the geodeti i and product g ion ca-
bilities that ly support icati

However, as a scientific body, the IAG operates without
governmental authority to direct Member State actions,

resource contributi ish binding

i or enforce i with

standards beyond its member institutions. The effec—
tlveness of IAG coordination in ific and

This variation in maturity scores reflects the supply
chain's historical development through voluntary sci-
entific collaboration coordinated by the IAG, which has
produced strong technical capabilities and established

P proced within individ detic tech-
nigue communities. The assessment found well-de-
veloped capabilities in areas such as GNSS and DORIS
data acquisition (scores 3.5 and 4.0 respectively), data
processing and analysis for established techniques
(scores generally 2.8 to 3.8), and equipment calibration
and maintenance (score 3.3). These operational and
technical capabilities function effectively within current
resource constraints.

The Iower maturity scores concentrated in governance,

I financial risk manage-
ment, and supply chain-wide coordination capabilities
(multiple Level 1 scores) indicate that functions
requiring authority, accountability, and resources at the
international supply chain level remain largely undevel-
oped. The found that gi

risk and coordi

decisions occur in fragmented ways through individual
institutions and voluntary collaboration rather than
through formal governance structures with supply
chain-wide visibility and authority.

The d d several

bined with the g bili

that may affect long-term supply chain

scores described in Section 6A1, suggests that current
supply chain operations depend substantially on the
|AG's scientific coordination role whlle lacking comple-
mentary g | di hani that
could address lanni I

and policy implementation functions.

6.4 Interpretation of
Assessment Findings

The maturity assessment documented a GGSC that

ly and prod geodetic p
supporting numerous applications, while exhibiting
lower maturity levels in governance, strategic planning,
financial management, and several coordination func-
tions. The assessment found an average maturity score
of 2.3 across all capabilities, with significant variation

STATE OF GEODESY 2026
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e Resource models: Significant reliance on voluntary
in-kind contributions, with personnel and facilities
ided by institutions without dedicated geodesy
budgels, and evidence of staff seeking competitive
grants to supplement operational funding.

e Infrastructure condition: Consultation evidence
indicating that over half of VLBI and SLR sta-
tions are aging or experiencing degradation, with
uncertain funding pathways for modernisation or
replacement.

Workforce trends Repor!s from multiple regions
of declini y geodesy progi reduced
training opportunities, and concentration of spe-
cialised expertise among personnel approaching
retirement age.
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7. Recommendations for
Further Investigation

This assessment identified several areas where
available evidence was insufficient to support confident

maturity assessments, where cor ion partici

@ Performance metrics and thresholds: What g
titative accuracy, latency, availability, and reliability
i do different user communities have

expressed divergent views, or where systematic data
collection has not yet occurred. These areas represent
priority topics for future investigation to support more
comprehensive understanding of the GGSC.

7.1 Supply chain architecture and
requirements definition

The found no compr

specification defining the optimal configuration of the
GGSC. While individual IAG Services maintain require-
ments for their respective techniques, no integrated
analysis dc the number, g phic distribu-

tion, ical specificati and redund: arrange-
ments of observatories, data centres, and analysis
facilities needed to reliably produce geodetic products

meeting current and projected user requirements. This
gap extends to several specific questions:

Observatory network design: What constitutes
adequate global coverage, station density, and
geographic redundancy for each geodetic tech-
nique (GNSS, VLBI, SLR, DORIS) to achieve required
product accuracy and reliability? What are the
minimum network configurations that will maintain
acceptable product quality if individual stations
experience extended outages?

Data centre architecture: How many data centres
with what geographic distribution and redundancy
arrangements are required to ensure data availabil-
ity, integrity, and preservation? What standards for
synchronisation, replication, backup, and disaster
recovery should apply?

Analysis capacity requirements: What analysis
centre capacity, distri n, and backup arrange-
ments are needed to maintain continuous product
generation? How should analysis functions be

i ed to ensure resili against i

ions or itical access

STATE OF GEODESY 2026

for geodetic products? How do current supply
chain capabilities compare to these requirements,
and where do gaps exist?

No comprehensive technical
specification exists defining
the optimal configuration

of the GGSC.

Further investigation in this area would establish tech-
nical baselines against which current capabilities and
future i decisions could be evall d. This
work would require engagement with both the geodetic
community to assess technical requirements and user
communities to document application-specific needs.

7.2 Security requirements and
critical infrastructure classification

The assessment assigned maturity scores of 3.0 for
both physical security management and cyber security
management at geodetic facilities, but confidence in
these assessments was noted as low. Consultation
participants indicated that existing security measures
appear adequate for current operations under present
institutional arrar but { I

has not been conducted to determine whether secu-
rity measures align with the strategic importance of
geodetic infrastructure to critical services.

Several specific questions require investigation:

» Current security baseline: What physical security
measures (access control, perimeter protection,
surveillance, personnel vetting) are currently im-
plemented at geodetic observatories, data centres,
and analysis facilities? How do these
vary across institutions, countries, and facility
types?
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about long-term sustainability and compliance with

X

y software

Specific investigation areas include:

Software inventory and dependencies: What soft-
ware tools are critical for geodetic data processing,
analysis, and product generation? Which of these
are proprietary versus open source? What depend-
encies exist between different software tools and
versions?

Development and maintenance models: Who
develops and maintains critical deti

Are development activities supported through
formal institutional commitments, or do they rely
on individual ibutions? What ion plan-
ning exists for intained by individ
approaching retirement?

7.5 Quantitative workforce trends

The noted i d of

d geodesy prog and aging work , but
systematic quantitative data does not exist to char-
acterise workforce trends comprehensively. Further
investigation should establish:

e Academic program trends: How many universities
globally offer geodesy degree programs at under-
graduate, masters, and doctoral levels? How have
these numbers changed over the past 10, 20, and
30 years? What are projected trends?

e Enrolment and graduation rates: How many stu-
dents enrol in and complete geodesy programs
annually? What are trends in student interest, and
how do geodesy programs compare to related
geoscience disciplines?

Code quality and dards: Do geodeti

ing standards for code quality, testing, d

. rk d phics: What is the age distribu-
tools comply with contemporary software engineer- tion of p Is working in geodeti h,
ducation, and ions? What is the expected
tion, and version control? Have security audits been rate of retirement over the next 5, 10, and 15 years?
i e Skill gaps and sp Which specialised

docted? Aresoft d
consistent with those used in other critical infra-
structure applications?

skills (e.g., VLBI correlation, geoid modelling, ref-
erence frame computation) show the most acute

Security vul ilities: Have geodetic softy
tools been assessed for security vul

p shortages? Where are these shortages
i a4

including input validation, access control, cryp-

phic i and d d
vulnerabilities? Are security updates applied
systematically?

D d t1sd
sufficient to enable new users to operate software
ly and new d pers to maintain and

extend codebases? Is documentation kept current
as software evolves?

Data centre IT security standards: Do geodetic
data centres implement standardised IT security
practi ding network ion, access
controls, logging and monitoring, patch manage-
ment, and incident response? Are these practices
audited regularly?

Investigation in this area would require software
engineering and cyber security expertise to conduct
code reviews, security and d

tion evaluations. Findings would inform development of
software quality and security standards appropriate for
geodetic infrastructure.

e Career pathways: What career pathways exist
for geodesy p ionals? How petitive are
geodesy positions compared to adjacent fields?
What factors influence career choices among stu-
dents considering geodesy?

Specialised expertise is
concentrated among individuals
approaching retirement age.
Systematic data collection through surveys, institution-
al records, and labour market analysis would support

id based work and inform educa-
tional capacity development strategies.

7.6 Economic analysis

STATE OF GEODESY 2026

The identified funding as inad
(maturity score 1.0) but did not quantify current invest-
ment levels or estil required . E i

analysis should address:

4
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Current global investment: What is the total annual
expenditure on geodetic observatories, data
centres, analysis facilities, and coordination activ-
ities globally? How is this investment distributed
across countries, institutions, and functions?

Full cost accounting: What are the actual costs of
operating the GGSC when in-kind contributions are
quantified at market value? What are the opportuni-
1y costs of relying on voluntary contributions?

gaps: What additi
would be required to address identified infrastruc-
ture deficiencies, impl: dund and secu-
rity imp and support work develop-

ment? What are the costs of different improvement
scenarios?

Economic value and return on investment: What is
the ic value d by geodetic services
across different application sectors (positioning
services, Earth observation, critical infrastruc-

ture timing, scientific research)? How does this

toil in geodetic infrastructure?

Cost of disruption: What would be the econom-
ic costs of d ded geodetic service
extended outages, or supply chain failures? How

do these costs pare to i in
improvements?

Current investment levels are
unknown, required resources

are unquantified, and cost-

benefit comparisons have not
been performed.

Economic analysis would provide evidence for resource

allocation decisions and support cost-benefit evalua-
tion of alternative investment strategies.

STATE OF GEODESY 2026




Education

* Chalmers dissolves all existing MSc
programmes

* 2027: 30 new MSc programmes

* => NewSpace Systems Engineering

* Specialisation on ”Space Geodesy and
Remote Sensing”

ERASMUS+ collaboration in geodesy
education on European level

e Chalmers, ETH Zurich, TU Delft,
Politecnico di Milano

* Goal: start 2027
* Next meeting 2026-06-19

Ny

@ Den hi u som prenumererar lisa

Chalmers skrotar samtliga
masterprogram —nya
skapas

Goteborg * Chalmers skrotar samtliga nuvarande masterprogram. |
stillet satsar larosatet hosten 2027 pa ett helt nytt programutbud.
- Viinser att vi maste gora pa ett annat satt for att hanga med, sdger

Chalmers vicerektor for utbildning Jérgen Blennow.
Text: Maria Domeliof-Wik
Uppdaterad:idag 14:36 = Publicerad: 2026-05-16

Gﬂtebol'gs Posten Nyheter Géteborg Sport Ekon Ledare Kultur Debatt Poddar Ql Q /‘

GP 2026-05-16
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7. Next OSO Director and draft advert

* Closed session (OSC members only)

 See forwarded draft advert



8. Budget result 2025

The 2025 result was quite different from last year submitted
budget but is close to prognosis given at the October OSC
meeting.

Biggest difference to budgetis absence of three budgeted
FTEs. A TSG unit member left at beginning of 2025, another
budgeted recruitment for a TSG to replace a person who left
in 2024 was postponed till after we got the VR result. Finally,
a postdoc recruitment for SGG was not completed (person
took another job),

Spending on hardware was also less than budgeted. Partly
because TSG was too short-staffed and busy to order
equipment; plus it was decided to delay some purchases and
services till after the VR result.

The apparent large capital surplus built up is needed to buffer
expected against expected large 2026 operating losses and
for future depreciations costs (see next slides)

VRincome

Li Income

CTH Income

Project salary Income
Project hardwareincome
Total Income

Salary inc OH. VR+LWM#CTH
Project salary Incame
Project hardware income
Rents

Electricity

Trawvel + Conf
Cther Ops costs

Int| Fees

OTT Depreciation

Other Depreciation
Equipment =28 kkr

Total Costs

Result

Project/Saved Capital Balances
VR Project

LM Praject

CTH Savad Capital

Total

Result

35883
12016
27435
4031
6093
85463

47176
4031
-6 098
-2179
1179
-1703
-3234

-17 246
-3440
-1233

739

-38 258

-2 795

EoY '24
3385
4323

36 564
50278

Budget

358148
12 000
23753
4728
6116
82415

52061
4728
-6116
-2 245
-1 200
-1480
-4 515

-17 811

0
-1 546
-2 B54
94 556

-12141

EoY '25
7263
G334

34 096
47 693

Diff

65
16
3Ga2
697
-18
3 043

4 885
697
13
GG
21
-223
1281
565
-3 440
313
2115
6258

3 346

Change
-2122
2005
-2 468
-2 585

Budget assumed OTT depreciation cost taken from CTH grant income

One person left+ two planned hires not made

Budget assumed OTT depreciation cost taken from CTH grant income

Many planned investment costs deferred to later vears

Mote ‘25 CTH and Total includes 552 kkr reserved for Outreach Guide
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Expect large loss in 2026 due to low
income from VR (reduced by SKA
subscription reaching its max level of
1.5 M€/yr paid by VR directly for first
time in 2026 and so removed from
money given to OSO in 2026).

Also 2026 is last year of OTT
depreciation and unlike previous
years OSO does notgetany CTH OTT
income.

Prognosis shows however that final
result less negative than expected due
to using residual SKA construction
money for salary, person leaving and
unexpected increase of 400 kkrin LM
income.

WR Income

LM Income

CTH Incame

Project Salary income
Total Income

Taotal (WR+LM+0H) Salary Cost
Project Salary costs
Rents

Electricity
lravel-Mestings
Ops costs

Initl Fees

OTT Depreciation
Other Depreciation
Equipment =26kkr
Total Costs

Result

Result

18225
12 400
252939

1094
57018

48 935
-1 094
-2 904
-1197
-1 847
-4 BA7

ST5
-3440
-1377
-1 756

68372

=11 354

Project/Saved Capital Balances EoY ‘25

VR Project
LM Praject

CTH Sawad Capital
Total

7263
6334
34 096
47 693

Budget

18 225
12000
25411

1094
56730

51752

-2 B54
-1 200
-1 698
- 577
975
-3440
-1 456
-1 756
-69 708

=12 978

EoY "26
-143
6 T84
29698
36339

Diff

Budget Prognosis 2026

]
400 Extraincome
-112

0
288

2817
-1 094
50

Person left + Mowve costs to Project
Got VR permission to use residual SKA construct money

-149
270

79
0 Actual cost may beless depending on procurement
1336

1624

Change

-7 406
450
-4 398

-11 354

Mote'25 and '26 CTH and Total includes 552 kkr reserved for Outreach Guide



10. 2027 budget -Capital, Long term financial prognosis.

* Made start on draft 2027 budget already. Need to establish new cost structure for budgeting/reporting using
the new Modules (and make unique module-unit categories for ease of budget management). Work with
incoming financial officer.

* Alot of uncertainty however given that the ‘Faculty model’ that applies (i.e. how much money incomingto the
Department for its number of faculty positions gets forwarded to Divisions and reaches individual faculty is
not yet clear. SEE historically forwarded most of this money but Physics retained more centrally).

* Otheruncertainties for new Department are its Overhead Percentage (likely similar to SEE but not yet finally

defined) and possible salary cost increases because of new grade of ‘Staff Scientist’ positions



10. 2027 budget -Capital, Long term financial

pPrognosis.

Updated Capital Allocations

Large purchases/construction projects taken on OSO
Chalmers funding are paid for via annual depreciations which
start when equipment comes into operation, meanwhile
Chalmers supplies the liquidity.

Changes for information (investment decisions to made at
October OSC meeting,

Move to Ongoing Depreciations — cost of our CNC machine in
workshop, now thatitis installed and working.

Move to Possible future costs —the OSO cost share (50% i.e
1Mkr) of a small building to replace current hut housing
radiometers and to also house IR atmospheric spectrometer
currently in container. Investment TBD at October OSC

Move to Possible future costs — H-maser. Current guess is an
order of a new Hydrogen maser not needed because, (1) RISE
ongoing application of money to buy a maser and site at
Onsala, (2) Possible route to refilling of Hydrogen for our newer
Russian H -maser. (3) Soon do test of time distribution from
RISE. (4) Working on agreement for RISE to loan a maserin case
of failure of our functioning Russian maser.

Total cost estimate for H-maser if ordered estimated to be 6
Mkr compared to earlier estimates of 4.5 -5 Mkr

0S0 Infrastructure Depreciation costs

Ongoing Depreciations

Activity Amount to pay from May 2026 Total Cost  Begin Dep End Dep
OTT telescope 3700 33 000 2017-03 2027-02
OTT Diesel generator 33 220‘ 2022-09 2027-02
Network Analyser TSG 788 1100 2025-01 2029-12
Spectrum Analyser TSG 860 1200 2025-01 2029-12
Spectrum Analyser GARD 860 1200 2025-01 2029-12
CNC machine, 050 mechanical workshop 2700 2700 2026-07 2031-06
(A) Committed capital spending 8941 6420
Decided future Depreciations

Amount to pay from May 2026 Total Cost  Start Dep End Dep
Electric Vehicle 400 400 2026-08 2031-08
Hybrid wagon 500 500 2026-09 2031-08
Computer Server for Staff scientists 550 550 2026-10 2031-05
Upgraded ALMA Band 7 receiver 1400 1400 2026-10 2031-09
Additional investment 1 Mkr 2028 1000 1000 2028-01 2032-01
(B) Total Future Planned Investments 3850
Possible future investments Amount to pay from May 2026 Total Cost  Start Dep End Dep
Hydrogen Maser (assume Geo pays 1.3Mkr) so cost 4.5-1.3 = 3.2 Mkr 4700 0 2028-01 2032-12
New radiometer building 1000 1000 2027-06 2032-05
(C) Total Future Possible Investments. 5700

Summary

(D Total committed and Planned future investments (=A+B)

Amount to pay from May 2026

12791



10. 2027 budget -Capital, Long term financial

prognosis.

Prognosis based on final VR result and assuming
3%/yr inflation plus one-off 5% additional salary
increases for staff scientist positions in 2027.
Increase in FTE count to 2027 reflect4.3 FTE hires
plus one person returning from parent leave.
Assumes current ‘faculty model’ and same OH as
now, but this is not yet known in the new
department.

Assume no investment in H-maser (6 Mkr) or
radiometer building (1Mkr) investment. Also
assumes no other major investment. Despite above
positive assumptions the final value of saved capital
in 2030 (less future depreciation costs)isonly 12.7
Mkr which is below minimum needed for
emergency repairs (15Mkr).

Finally note budgetis based on a‘self-limited’ VR
proposal in February 2025 (not full needs) in which
number of FTE requested in national modules had to
be capped due to the amount of Chalmers matching
funding available. For standard reliable operations
and management at least an additional 2 FTE or 3
Mkr/yr is required to address personnel attrition
since 2018.

Must work for increased Chalmers base funding
(and increased LM funding) to address above issues
and allow for a VR proposalin 2029 that gives
sufficient funding for sustainability into 2030’s.

050 Income - RA + Geodesy
VR to OS0 ('26 remove SKA cost)

Chalmers total income (incl OTT comp before '26)
Hasselblad Income

Lantmiteriet
External Project Income (paying permanent salaries+ SRC

hardware costs 2023)
(A)Total Income to OSO for RA + Geo

080 Costs - RA + Geodesy

080 infra permanent FTE

Salary Cost

0S80 Internal costs (rent, elec, travel, ops. Equipment)
Intl fees (SKA,LOFAR APEX ESF)
Depreciation Costs (incl OTT)

SRC node hardware ioperaling costs

New SRC/ARC computer hardware investment
Triband hardware investment

New CX -band receiver investment

(B) OSO total costs for RA + Geo

{C) Total annual result(A-B) - incl Dep costs
Operating Result - adjusted for Dep Cost

(D) Saved capital and Reserved Amounts/Debts
CTH saved capital at EoY

Future commited depreciations

CTH saved capital at EoY less future dep

2024
36,5
27,2

0,0
12,0
4,3
80,0

2024
35,2
49,5
11,0
13,7
3,3
0,2
0,0
0,0
0,0
77.7

2024
2,290
5,639

35,4
16,5
18,9

2025
358
27,2

0,0
12,0
10,8
85,9

2025
35,0
52,1
9,2
18,0
4,0
0,3
6,1
0,0
0,0
89,6

2025
3,7
0,3

31,6
12,4
19,2

2026
17.4
25,4

0,0
12,0
0.4
55,3

2026
35,0
51,9
12,2
1,0
4.6
0,5
0,0
0,0
0,0
70,2

2026
-14,9
-10,3

24,3
7.8
16,5

2027
38,2
25,6

1.0
12,4
0,5
71,7

2027
40,3
61,5
10,7
0,3
2,0
0.5
0,0
0,0
0,0
75,0

2027
2,8
4.7

27,1
5.9
21,2

2028
38,2
259

1,0
12,4
0.5
77,9

2028
40,8
63,8
10,9
0,8
1,9
0,5
0,0
0,0
0,0
77.8

2028
0,1
2,0

27,2
4.0
23,2

2029
38,8
26,1
11,1
12,4

0,5
88,9

2029
40,4
64,8
11,1
0,3
1,9
1,0
7,6
10,0
39
100,6

2029
-11,7
-9.8

15,5
2,1
134

2030
38,8
26,3

0,0
12.4
0,5
78,0

2030
40,2
66,0
11,3
0,3
1,3
1,0
0,0
0,0
0,0
80,0

2030
-2,0
-0,7

13,5
0,8
12,7

2031
42,6
26,5

0,0
14,0

0.5
83,7

2031
40,3
66,0
11,5
0.3
0,6
0,0
0,0
0,0
80.5

2031
3,2
3.8

16,7
0.2
16,5

2027-2030

153,80

2027-2030

7,0

2027-2030
10,8
EY:
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